Background and aims. The aim of this study was to assess the opening torque of grooved and non-grooved screws
Introduction
ne of the most important factors in the healing process of bone fractures is the stable and rigid fixation of fractured parts together, which is achieved through fixing screws and plates. Most of these devices are made of titanium (Ti), polyglycolic acid (PGA) and polylactic acid (PLA). If screws do not sufficiently engage the bone due to reasons such as low bone density or faulty technique it can cause movement of the segments, create a gap, cause further bone loss or graft loss and even create cartilage or fibrosis instead of normal bone tissue (nonunion). 1 As mentioned before, primary instability of screws occurs in people with low bone density due to diseases such as osteoporosis or physiologic conditions like menopause. 2, 3 So far, some methods have been proposed to overcome this problem; Pitzen et al 4 studied the effect of thickening the screws on increasing their rate of fixation and found nothing significant.
O
Several studies have examined the effects of changes in the screw thread design, 5 use of higher force while placing the screws, 6, 7 heightening the screws 8 and use of various types of cements. 9, 10 However, these methods have not significantly increased screw fixation and have resulted in problems such as loss of time, increasing the cost, adding trauma to the surgical site and even requirement for further surgery. 9 Shape memory alloys (SMA) are very interesting metals in terms of mechanical properties and physical behaviors, which are known for more than 30 years in the field of medical sciences. 11 Along with their general properties such as high biocompatibility, high corrosion resistance, excellent heat tolerance, low fatigue and high reversible strain, these exclusive alloys have two important and special properties: 1) Their super-elasticity that results in very high flexibility at relatively high temperatures so that they can be deformed up to about 10% without any permanent deformation; 2) Their shape memory property at lower temperatures. This means that their original form is induced at specific temperatures and pressure conditions during construction and it is kept in their memory. They are extremely deformed in the effect of force application but they return to their primary shape if heated. 12 The mechanism that causes shape memory alloys to have such a wonderful behavior is related to their phasic changes. In general, a shape memory alloy has a martensitic phase at low temperatures and an austenitic phase at high temperatures. In the event of force application and deformation of this material at low temperatures, twinned martensitic loses this state and becomes oriented martensitic that is called the non-twinned martensitic phase. If in this state, the temperature of the material rises, the martensitic phase turns to the austenitic phase. [12] [13] [14] Regarding the interesting features and properties of intelligent alloys and their wide applications in various sciences such as medicine, we sought to compare the opening torque of standard-design and fluted screws made of shape memory alloys. These alloys may be used for the following applications: 1) as dental implant; 15 2) for fixations of various areas; [16] [17] [18] and 9) in orthodontic wires and endodontic files. 25 The advantages of using SMA have been emphasized in all these studies. In most of them, it has been mentioned that it allows for shorter periods of repair, less problems in treated patients, more stable fixation and better healing, less scar, better tissue repair and generally more appropriate treatment selection. We performed a study to assess opening torque of grooved and non-grooved screws made of SMA for mandibular fracture fixation.
Materials and Methods

Study Design
This comparative observational cross-sectional study was conducted in 2012. Before initiation, the study protocol was approved by the official review board. In this in vitro study the opening torques for ten screws with grooves and ten screws without grooves made of SMA were measured and compared in twenty holes (10 holes for grooved screws and 10 holes for non-grooved screws) placed in the bovine mandible.
Methods
Initially, prefabricated bars of SMA (NiTi) measuring 1.4 inches in diameter and 10 feet in length (MEMRY, Bethel, USA) were obtained. In order to eliminate the confounding factors such as different materials of screws or possible differences in the size and design of the threads, a decision was made to construct standard screws with the diametric properties of SMA bars for the control group (through an integrating program of screw construction and thread cutting with the same depth and distance in a lathe machine).
The number of screw holes was randomly determined at 20 samples for each group. Since the properties of shape memory alloys depend on transformation from austenitic to martensitic phase, the samples were first prepared in the form of screw (10 mm in length, 5 mm in body diameter and 6 mm in screw head diameter) and then heated to 80°C to reach the austenite phase. After converting the context phase to the austenite phase in all the samples, a groove measuring 0.2 mm in thickness was created in sample screws (from the screw head to half of the threaded part) by wire cut; therefore, the fabricated screw achieved the capacity to open towards its central axis. After opening the 0.3-0.4-mm screws from the cutting site (the final groove was 0.5-0.6 mm), they were maintained at 100ºC for 210 minutes. Then, to achieve 100% content of martensite, by quickly cooling down to -80ºC (according to the manufacturer's recommendations and after microstructure study by electron microscopy), they were cooled using liquid nitrogen.
In the martensitic phase, the samples returned to their original form (closed) by exerting force and remained in the same form until they were used. In the control group, screws (without grooves) were made without thermal cycles and only by creating a thread.
Two fresh bovine mandibles were prepared due to the similarity of their density and mineral content to human bone. 26, 27 To prevent dehydration, they were covered in a wet towel at a temperature of 4ºC. Then, because of appropriate density, 10 holes with a diameter of 4 mm were embedded at 2-cm intervals from each other by a 4-mm drill in the angle and ramus of one mandible under cooling with normal saline using an irrigating syringe. The holes were prepared with 94% reproducibility by a skilled periodontist. Then, an Allen wrench of 6 mm and an analog torque comparator with an accuracy of 0.5 nm were used by the same periodontist in a clockwise direction; screws with standard design were placed under a constant force of 2 Nm. After 30 minutes, the screws were opened by the same wrench and the removal torques were measured with a torque meter.
Then, for the grooved-screw group, 10 holes were built exactly the same as those in the other mandible in the angle and ramus under the same conditions as for the standard screw. Then, before wrenching, the grooved-screw was heated up to 50ºC until the groove opened. 24 Then, the screw was cooled up to 25ºC and the groove was closed by force, ready to be wrenched in the embedded holes. During wrenching, a small metal stainless steel plate with a thickness of 0.2 mm was placed to avoid closing the gap in the groove during cutting. Then, it was wrenched into the hole with a constant force of 2 Nm by the same Allen wrench and the torque meter; the standard screws were heated through an external heat source (hot water) 24 to reach 50°C. Due to the high thermal conductivity of SMA, just heating the screw head suffices to transfer heat to the entire screw. After this period, the screw reached its austenitic phase and the groove opened; loosening of the sheet metal in the groove was indicative of groove opening.
After 30 minutes when the screw reached equilibrium with the environment, it was opened by torque wrench while the connector wrench of 7 mm was used instead of Allen wrench of 6 mm and the removal torque was recorded. During opening the screw, 3 metal plates (totally equivalent to the thickness of 0.6 mm) were placed in the opened groove to avoid closing the groove.
Like the standard screw, this screw was also prepared, wrenched, heated and opened in 20 holes and the removal torque was calculated separately for each hole.
Statistical Analysis
All the observations were recorded by a blinded operator and the data were presented as means ± SD for continuous variables. Statistical differences between the groups were assessed by ANOVA. All the analyses were carried out using SPSS 20 (SPSS Inc., Chicago, IL, USA). Statistical significance was set at and P < 0.05.
Results
Twenty screws were made of SMA; ten screws had grooves and ten screws had no grooves (control group). Pull-out strength (POS) was measured as torque of removal in each group. It should be noted that closing torque was 2 Nm in all the samples. The mean opening torque was 2.275 ± 0.43 nm for screws in the control group and 2.055 ± 0.45 nm for screws in the grooved group (P < 0.05, P = 0.08). The mean opening torques were compared between the screws in the control and grooved groups ( Figure  1 ).
Discussion
Intelligent alloys are very interesting metals with unique physical properties and behaviors. Their two prominent properties are super-elasticity at relatively high temperatures and shape memory at lower temperatures; the former allows the elastic deformation up to about 10% and the latter is the ability to remember and return to their primary shape.
The main mechanism of this behavior is related to the phase changes in these materials. This study aimed to compare the opening torque of screws with standard design and grooved screws made of memory alloys. After putting the screw in bone and transferring heat to it, the groove of the screw opened (back to the original shape) and as a result, force was directed to the surrounding bone. 28 According to the principle of action and reaction, it seems that the force will increase the primary fixation of the screw in bone. This is a new discussion in the field of jaw and bone fixations; achieving this goal will undoubtedly lead to obtaining the best initial fixation for the healing process of injuries, surgeries and types of bone bonding particularly in patients with chronic bone problems.
One of the problems in this study was the heat (returning temperature) necessary to be transferred to the initial form of the screw with groove (the desired temperature was 50ºC). This heat can be transferred to the surrounding bone while heating the screw. Since based on the principles of implantology and bone surgery, increasing bone temperature up to 47-50ºC can cause bone necrosis during preparation of holes or bone reshaping by a rotary device, 29 it seems that the process of heating can lead to the necrosis of the surrounding bone and loosening the screw in bone. Two points are important here: first, because of the high thermal conductivity of the alloy, wrenching the screw into the bone causes the body temperature (37ºC) to quickly transmit to the screw and if the returning temperature of the screw is about 37-40ºC, the screw groove will open before full entry and we will not achieve our goal. Second, according to several studies, oral temperature can reach to about 68-70°C when consuming hot foods and drinks. 30, 31 Although it is observed that the tolerance of this temperature is not directly related to bone, it seems that natural sources such as hot drinks can be used instead of an external heat source to achieve the returning temperature and open the screw groove. On the other hand, even in the case of occurrence of heat-induced bone necrosis around the screw, it should be noted that the opening torque was applied 30 minutes after applying the heat (not enough time for bone necrosis to affect our result). Another confounding factor may be the groove design of the screw. Considering that the groove in the screw head is involved during opening by a wrench and the screw head is engaged by it, it may cause the groove to close and consequently loosen the screw. As a result, the recorded opening torque would be less than that of screws with conventional designs. In this study, we attempted to reduce this confounding factor by inserting metal plates between the grooves.
On the other hand, since the groove was placed in the coronal half of the screw, it has the most involvement in cortical bone. Since the cortical bone has less elasticity than the spongy bone, it is likely that this factor also causes the screw to loosen in the bone. Given these two points, it is suggested that the groove of screw be created in its apical half because of more contact with the spongy bone.
Given that the current study focused on the creation of grooves in screws fixing bone, there is no similar study to compare the results. However, there are many studies trying to seek factors causing further stability of screws in the bone with normal design. 4 Pitzen 4 has specifically mentioned that the bone density is a very important factor in the stability of the screw. Ricci et al 5 studied the effect of various designs of threads in terms of depth and distance of the rod on the entering torque and removal force of the screw in osteoporotic bones and speci-fied that this factor could also slightly improve the POS in bones.
In another study, Daftari et al 6 investigated the correlations between screw hole preparation, insertion torque and pull-out strength. Their results showed that the greater the closing torque, the higher the removal force and the better the stability of the screw. Also, they reported that the more the cortical bone is involved, the higher the removal force. However, this finding was contradicted by Okuyama et al 7 in a similar study conducted a few years later. They reported that although in osteoporotic individuals the rate of fixation can be predicted, the study findings explained that the higher the bone density, the greater the removal force and also the stability. However, at the beginning of the discussion it was mentioned that the major problem of bones was their low density in their study.
Kohn et al 8 re-examined the effect of higher torque during wrenching and their results illustrated that the higher the insertion torque, the greater the fixation of the screw. But it cannot be a good predictor for the strength of the repaired bone. On the other hand, Kohn's study showed that the higher the length of the screw, the better the treatment will be. It should be noted that it is impossible to use longer screws in all the areas, especially in the face.
To the best of our knowledge, no study is available on grooved fixation screws made of intelligent alloys. While intelligent alloys are used in the medical and dental industries, almost all the studies have acknowledged the benefits of using these alloys over the conventional treatment methods. Liu et al 32 examined SMA fixation screws in their study.
Although in the current study, removal torque of screws made of SMA did not yield the expected results, their special and unique design distinguishes them from those used in other studies. Considering the limitations of this study, by eliminating the drawbacks, the desired and expected results might be achieved in future studies.
Conclusion
